A study was carried out to investigate the effects of dietary supplementation of an organic acids mixture and two methionine supplements on intestinal morphology, protein and nucleic acids content, microbial population and performance of broiler chickens. Six hundred unsexed day-old Ross 308 broiler chicks were used in a factorial arrangement (3 · 2) based on a completely randomised design by four replicates with 25 chicks in each. Experimental diets consisted of: 0% organic acid mixture + DL-methionine (Treatment 1), 0% organic acid mixture + Alimet (Treatment 2), 0.5% organic acid mixture + DLmethionine (Treatment 3), 0.5% organic acid mixture + Alimet (Treatment 4), 1% organic acid mixture + DL-methionine (Treatment 5) and 1% organic acid mixture + Alimet (Treatment 6). A significant increase in jejunum mucosal DNA content was found by using 1% of organic acid mixture compared with those by other levels of organic acids at 21 days of age (P < 0.05). Also Treatments 5 and 6 had a higher mucosal DNA content than other treatments (P < 0.05) in a similar period. While at grower stage, the results have shown that protein content, protein/DNA and protein/RNA ratio by 0.5 and 1% of organic acids mixture significantly increased compared with those in the 0% level (P < 0.05). The addition of 1% level of organic acid mixture significantly increased villus height compared with 0 and 0.5% level of organic acid mixture at 21 days of age (P < 0.05). Highest and lowest villus heights were obtained by Treatments 1 and 6 (P < 0.05). Crypt depth increased by 0.5 and 1% of organic acid at 21 and 42 days of age (P < 0.05). Villus surface was significantly increased by 1% of organic acid mixture compared with that by 0% level at 21 days of age. The use of organic acid levels especially 1% resulted in an increase in lactic acid bacteria and decreased Enterobacteriaceae counts in the ileum of broiler chicken (P < 0.05). Better bodyweight and feed conversion ratio were obtained (P < 0.05) by 0.5 and 1% of organic acids mixture, although no response was found in feed intake and mortality in this respect (P > 0.05). The results of this study have shown improved reactions on intestinal morphometrical parameters and microflora atmosphors, by using 1% organic acid mixture. In contrast no differences were found between Alimet and DL-methionine in all tested parameters.
Introduction
Type and composition of components of rations are to be considered as the most important environmental factors affecting the economic performance of poultry. With restrictions on the use of antibiotics, additives were included in the diet to improve the performance of birds. Among those used on a wider basis, are organic acids, probiotics, and plant extracts (Chaveerach et al. 2004) . In fact, the organic acids associated with specific antimicrobial activity are short-chain acids (C1-C7) and are simple mono-carboxylic acids such as formic, acetic, propionic and butyric acids. In this study, the hypothesis for inclusion of organic acids was considered due to inactive unfavourable microflora (such as Salmonella) by decreasing pH in the gastrointestinal tract (GIT). In contrast it was to promote favourable environment in the GIT for growth of the microflora resistant to pH <7 (such as Lactobacillus). Thus organic acids create an ideal flora in the GIT, improve digestion and nutrient absorption, stimulate growth and increase efficiency (Choct 2004) .
Methionine (MET) is the first limiting amino acid in most corn-soy-based broiler chicken diets. DL-2-hydroxy-4 (methylthio) butanoic acid (HMTBA, Alimet liquid feed supplement, Novus International, Inc., Charles, MO, USA), and DL-methionine (DLM -powder feed supplement, SigmaAldrich Chemie GmbH, Steinheim, Germany) both provide MET activity for animals. Both MET sources are absorbed in the animal's GIT, converted to L-methionine, and used in protein synthesis and other metabolic functions (Buttin 1999) . HMTBA is an organic acid due to having a hydroxyl group on its a carbon instead of having an amine group (Apajalahti et al. 1998 ).
Comparisons of Alimet and DLM are shown in Table 1 (VazquezAnon et al. 2006) .
Extending villi dimension could be achieved in the small intestine by dietary acidification (Palo et al. 1995) . The findings of Abdel-Fattah et al. (2008) showed that chicks whose diets were provided by organic acids had longer and thicker villi than the control. Organic acids have trophic effects on the mucosa of the GIT (Dibner and Buttin 2002) . In the intestinal lumen, ingested feed moves distally while digestion and absorption occur. Absorptive processes occur at the brush border, which encompasses extensions of the epithelial surface (Iji et al. 2001) . The interaction of intestinal growth, digestive functions, and diet is critical when birds switch to enteral nutrition (Uni et al. 1999) . Morphology of the small intestinal mucosal surface of broilers was affected by diet formulation (Van Leeuwen et al. 2004) . Rapid morphological changes occur after hatch with differing ontogenic timetables of villus growth in the duodenum, jejunum, and ileum (Sklan 2001) .
Little information is available for poultry concerning the morphological and microbial development of the small intestine by organic acids and especially Alimet in molecular mechanisms as well as chicken performance. This study aimed to evaluate the effects of two sources of MET (DLM and Alimet) and organic acids on intestinal morphology, microbial population and broiler chickens performance. Dietary organic acids could reduce the pH values in the GIT and may enhance absorption of MET sources.
Materials and methods

Birds, housing and diets
In this study 600 1-day-old Ross 308 chickens were used. Chickens were randomly divided into six treatments and four replicates by 25 birds into each pen. The study was conducted in a 3 · 2 factorial experiment in a completely random design. The chicken were fed by mash basal diet supplemented with 0% organic acid mixture + DLM (Treatment 1), 0% organic acid mixture+Alimet(Treatment2),0.5% organic acid mixture + DLM (Treatment 3), 0.5% organic acid mixture + Alimet (Treatment 4), 1% organic acid mixture + DLM (Treatment 5), 1% organic acid mixture + Alimet (Treatment 6). The treatments included: three levels of organic acid mixture (0.0, 0.50 and 1.0%) and two sources of MET supplement (DLM and Alimet) combination. Organic acid mixture consists of formic, lactic, malic, citric, tartaric and ortho-phosphoric acid (under the trademark Orgacid -SUNZEN Co., Petaling Jaya, Selangor, Malaysia) with levels 38% of organic acids plus 62% silica carrier. Alimet is a liquid product of MET hydroxy analogue (Dibner et al. 2004) . Feed and water were supplied ad libitum and light was provided 24 h/day while the temperature was gradually reduced by increments of 3 C from an initial 32 C in each week. The 42-day experimental period was divided into two stages: 0-21 (starter) and 22-42 (grower) days of age. Rations were based on yellow corn, soybean meal, and wheat (Table 2 ). Diets were isoenergetic in both stages and were formulated by NRC (1994) .
Performance
The variables studied include weight gain, feed intake, feed conversion ratio (FCR) and mortality at 21 and 42 days of age, which were assessed weekly during this trial and recorded as they occurred.
Microbial sampling
On days 21 and 42 of age two birds were randomly selected and slaughtered from each replicate and immediately after dressing the complete intestinal tract was removed and transferred into an anaerobic chamber (Hubener et al. 2002) . The digestive tracts between Meckel's diverticulum and ileocecal junction (as ileum) and from ileocecal junction to the end of cacea (as caeca) were removed. The intestinal digesta were gently removed in sterile sampling tubes and immediately transferred on ice to the microbial laboratory. Intestinal content of the two above mentioned segments were used for microbial study.
Media and incubation
Digesta were homogenised and were diluted by physiological salt solution (0.9% NaCl). MRS agar (Merck, Germany) and 0.1% of Tween 80 and Violet Red Bile agar media (Merck) were used for isolation of lactic acid bacteria and Enterobacteriaceae.
The numbers of lactic acid bacteria were calculated after incubation in an anaerobic chamber at 37 C for 48 h and Enterobacteriaceae were counted after aerobic incubation at 37 C for 24 h (Mathlouthi et al. 2002) .
Intestinal morphology
The lengths and weights of intestinal segments (duodenum, jejunum, ileum and caecum at 21 and 42 days of age) were also measured in cm and g by a clear plastic ruler. To carry out a histological morphometric analysis of the jejunal mid epithelium, formalin-fixed jejunal tissue samples were dehydrated, embedded in paraffin, sectioned (10 mm), and stained with haematoxylin and eosin. villus to the villus crypt junction), crypt depth (defined as the depth of the invagination between adjacent villi), also villus width and villus surface were recorded based on the method of Iji et al. (2001) .
Molecular assay
Cell size and metabolic activity were estimated through measurements of mucosal protein, DNA and RNA and the ratios between these three factors. The relevance of the assessed biochemical indices has been described by Waterlow et al. (1978) .
Protein assay
The protein content in the mucosal homogenates of the jejunum was measured according to the method of Bradford (1976) . In this method bovine serum albumin was used as a standard. Samples were frozen in liquid nitrogen and ground to a fine powder. Finally samples were measured by spectrophotometer (UV) at wavelength 595 nm.
DNA measurement
DNA was extracted from crude mucosal homogenates of the jejunum, using the method described by Doyle and Doyle (1987) as follows. Samples were collected from the middle part of the jejunum, cut and mucosa separated and transferred to a micro tube. DNA was extracted with cetyl trimethyl ammonium bromide. Finally DNA quantity was determined in a spectrophotometer (UV) in wavelength 260 nm.
RNA measurement
RNA extraction was determined by RNX-Plus Solution kit (Cinnagen, Tehran, Iran) in mucosal homogenates of the jejunum. For jejunum RNA extraction, samples were homogenised with liquid nitrogen. RNA was extracted with guanidinium thiocyonaate by spectrophotometer (UV) in wavelength 260 nm.
Statistical analyses
A completely randomised design was used. Data were analysed by the GLM procedure of SAS (SAS Institute 2004). Duncan's multiple range test was used for comparison of means (P < 0.05).
Results
Mucosal protein and nucleic acid content
DNA content in jejunum mucosal significantly (P < 0.05) increased by 1% organic acid mixture compared with those by other levels at 21 days of age (Table 3 ). Higher mucosal DNA content was observed in Treatments 6 and 5, than those in other treatments (P < 0.05) at the starter period. Protein/DNA and protein/RNA ratio significantly increased by 0.5 and 1% of organic acid mixture compared with those at 0% level (P < 0.05) at 42 days of age (Table 4 ). Significant increases in Table 2 . Rations ingredient and calculated nutritional levels in treatments Treatment 1 (T1): 0% organic acid mixture + DL-methionine. Treatment 2 (T2): 0% organic acid mixture + Alimet. Treatment 3 (T3): 0/5% organic acid mixture + DL-methionine. Treatment 4 (T4): 0/5% organic acid mixture + Alimet. Treatment 5 (T5): 1% organic acid mixture + DL-methionine. Treatment 6 (T6): 1% organic acid mixture + Alimet Ingredient (%)  Starter  Grower  T1  T2  T3  T4  T5  T6  T1  T2  T3  T4  T5 Organic acids, intestinal, methionine, broiler Animal Production Scienceprotein content, protein/DNA and protein/RNA were indicated by Treatments 5 and 6, compared with those by Treatments 1 and 2 (P < 0.05) in this period. No significant differences were observed in DNA/RNA at 21 and 42 days of age. Moreover no significant effect on DNA and RNA content were shown by dietary treatments in this period (P > 0.05). However, no significant differences were indicated between two MET sources in terms of protein and nucleic acid content at 21 and 42 days of age. 
Intestinal morphology
The mean values of the intestinal morphology alterations in the broiler chicken fed by organic acids and MET-based diets are given in Table 5 . Villus height was significantly (P < 0.05) increased by 1% of organic acid mixture than other levels at 21 days of age. Highest and lowest villus heights were obtained by Treatments 6, 1, 2, and 4, respectively (P < 0.05). In contrast, no response was indicated in villus width by all treatments in similar periods. Crypt depth increased by 0.5 and 1% of organic acids at 21 and 42 days of age (P < 0.05). A significant increase in crypt depth was shown by Treatments 5 and 6 compared with those by Treatments 1 and 2 at starter period stage (P < 0.05). But crypt depth in Treatment 1 significantly decreased compared with those by other treatments at 42 days of age (P < 0.05). Villus surface was significantly (P < 0.05) increased by 1% of organic acid mixture than the 0% levels at 21 days of age (P < 0.05). Significant increase in villus surface area was found by Treatment 5 and 6 compared with those by Treatment 1, (P < 0.05). No significant differences were observed in villus height, villus width and villus surface area by all treatments at 42 days of age (P > 0.05). However, no significant differences were obtained between two MET sources related to villus characteristic at 21 and 42 days of age.
Microbial population
The results of the bacterial counts in ileum and caeca segments are shown in Table 6 . Generally, a continuous increase in bacterial colonisation from ileum to caeca by aging was observed. The counts of Enterobacteriaceae were significantly (P < 0.05) higher in the ileum and caeca of broilers fed 0% organic acid mixture (Treatments 1 and 2) and lower in the ileum of broilers fed 1% organic acid mixture at 21 days of age. Lower numbers of lactic acid bacteria were counted in the chicken ileum when feeding 0% organic acid mixture (P < 0.05). However, there was a continuous increase in counts of lactic acid bacteria with an increase in the level of organic acid mixture in caeca (P < 0.05). There was an increase in the numbers of Enterobacteriaceae in ileum of chickens fed Treatments 1 and 2 at 42 days of age (P < 0.05). Higher counts of lactic acid bacteria were observed in birds ileum fed at level 0.5 and 1% of organic acid mixture (P < 0.05). Treatment diets did not provoke any significant alterations in numbers of Enterobacteriaceae and lactic acid bacteria in caeca segments at 42 days of age (P > 0.05). There were no significant differences in the counts of Enterobacteriaceae and lactic acid bacteria in the intestinal tract of broiler chickens fed two different MET sources at 21 and 42 days of age (P > 0.05). There was no interaction noted between the level of organic acid mixture and MET sources in the counts of Enterobacteriaceae and lactic acid bacteria in the caeca and ileum of broilers at 21 and 42 days of age.
Performance
The performance data of the experiment are presented in Table 7 . Bodyweight gain (BWG) significantly increased and FCR significantly improved (P 0.05) with the 0.5 and 1% organic acid mixture at 21 days of age. BWG was higher with Treatment 6 than Treatments 1, 2 and 4 at starter period stage. BWG and FCR were lower by using Treatments 1 and 2 than the other treatments at 42 days of age (P < 0.05). Also a significant decrease was shown in FCR by Treatment 6 in comparison to Treatments 1 and 2 at the starter period. No significant differences were observed in feed intake and mortality by two MET sources at 21 and 42 days of age (P > 0.05). 
Discussion
Mucosal protein and nucleic acid content
Cell proliferation and differentiation are key elements in the ability of the GIT in response to physiologic and diseaseinduced demands on digestive and absorptive functions. These digestive and absorption functions are due to the intestinal status, particularly the jejunum region. In the jejunum there was an increase in villus length and increased DNA content of mucosa in birds by 1% of organic acid mixture diets. Intestinal and other organ growth may be due to cellular hyperplasia, hypertrophy or a combination of these two processes (Morisset 1993) . Hyperplasia, defined as an increased number of cells, can be assembled by measurement of DNA rates synthesis and total DNA content of a tissue, because DNA is constant in a diploid cell. Thus an increase in DNA content reflects hyperplastic growth (Iji et al. 2001) . This result was in agreement with Johnson and Gee (1986) that suggested increase in cell population and hypertrophy with short-chain fatty acids. A significant increase was observed in protein content by 1% of organic acid consistent with Sakata (1987) . They suggested that organic acids increase the level of peptide hormone secretion, therefore significant increase in protein content at 42 days of age could be due to increase in the peptide hormone secretion. The role of peptide hormones in the regulation of increased protein based on growth hormone and growth hormone receptors. The beneficial effect of organic acids on the GIT was also observed in the present study in terms of increased protein. These results could be attributed to the fact that organic acids have a direct stimulatory effect on the gastrointestinal cell proliferation as well as protein content and was reported by other workers with short-chain fatty acids (Sakata 1987) .
Also significant increases were shown in protein/DNA and protein/RNA ratio by 0.5 and 1% of organic acid mixture compared with 0% level (P < 0.05) at 42 days of age. In contrast no significant differences were observed in DNA/ RNA in this respect. The protein/DNA, protein/RNA and DNA/RNA ratio function as indices of cell size, rate of protein synthesis and tissue activity, respectively (Iji et al. 2001) . In hypertrophy, the cellular mass increases without affecting DNA content. This increase can be evaluated by measurement of an increment in weight of an organ, RNA, protein or specific enzyme content (Morisset 1993) . Significant increase in cell size at 42 days of age could be due to an increase in protein content and synthesis in this period in the present study. The changes in these biochemical indices may underlie variations in other aspects of mucosal function, such as digestive enzyme activity and nutrient transport (Iji et al. 2001) .
Intestinal morphology
The results indicated better beneficial effect on morphometrical parameter in jejunum by organic acid mixtures especially 1%. Villus height was significantly (P < 0.05) increased by 1% of organic acid mixture than the other, at starter period stage. These results are consistent with the earlier workers who reported increased villus heights in the jejunum by most of the organic acidifiers (Sakata 1987) . This can be attributed to the fact that organic acids modified the growth of many pathogenic or nonpathogenic intestinal bacteria (Kaniawati et al. 1992) . They also decrease the intestinal colonisation and infectious processes. Ultimately, they function as decreasing the inflammatory reactions at the intestinal mucosa. This in turn increases the villus height and functions of secretion, digestion, and absorption of nutrients by the mucosa (Loddi et al. 2004 ).
The present results showed significant increase in crypt with 0.5 and 1% of organic acids at 21 and 42 days of age (P < 0.05). Also significant increases in crypt depth were observed in Treatments 5 and 6 compared with Treatments 1 and 2 (P < 0.05). In chicks, villus height and crypt depth increased rapidly after hatch (Uni et al. 1999) . Antimicrobial agents are known to reduce the intestinal microbial load, which in turn reduces the presence of toxins at this level which are associated with changes in intestinal morphology, such as shorter villus and deeper crypt (Xu et al. 2003) . Scheppach et al. (1995) who reported short-chain fatty acids have been demonstrated to stimulate the proliferation of normal crypt cells, enhance healthy tissue turnover and maintenance.
This trophic effect was demonstrated by Frankel et al. (1994) , who found an increase in villus height, crypt depth, and surface area in the jejunum of rats fed by diets supplemented with butyric acid as organic acids. But to confirm the possible trophic effect of organic acids on the intestinal epithelium of broilers, further investigation need to be modulated.
Microbial population
In this study, dietary treatment changed selected microbial populations in selected segments of intestine. Biochemical conditions in the digesta, as a result of varying feed composition will affect substrate availability and modify microbial population forming (Barrow 1992) . Increased lactic acid bacteria counts and decreased Enterobacteriaceae counts in ileum and caeca of birds fed 0.5 and 1% organic acid mixture is probably due to a reduction of pH. The antibacterial activity of organic acids is related to the reduction of pH, as well as their ability to dissociate, which is determined by the pK a -value of the respective acid, and the pH of the surrounding milieu. The antibacterial activity increases with decreasing pH value. Organic acids are lipid soluble in the undissociated form, in which they are able to enter the microbial cell. However, carriermediated transport mechanisms seem to be also involved in the membrane transport. Once in the cell, the acid releases the proton in the more alkaline environment, resulting in a decrease of intracellular pH. This influences microbial metabolism inhibiting the action of important microbial enzymes and forces the bacterial cell to use energy to release protons, leading to an intracellular accumulation of acid anions. This accumulation depends on the pH gradient across the membrane. Generally lactic acid bacteria are able to grow at relatively low pH, which means that they are more resistant to organic acids than other bacterial species, e.g. E. coli. An explanation for this may be that gram-positive bacteria have a high intracellular potassium concentration, which provides a counteraction for the acid anions (Russell and Diez-Gonzalez 1998) .
Performance
The results of this study have shown increased chicken performance by organic acids mixture (formic, lactic, malic, citric, tartaric and ortho-phosphoric acid). Similar to this study, adding formic and propionic acids (at a ratio of 80 : 20) at a level of 0.50% to broiler chicken rations (Kaniawati et al. 1992) , 0.50% humic acid (Rath and Huff 2006) , 0.75% propionic acid (Roy et al. 2002) increased performance at 21 and 42 days of age. No increase was found in weight gain by added 1% organic acid mixture on broiler chicken diets in the initial period (Izat et al. 1990 and Waldroup et al. 1995) . Pinchasov and Jensen (1989) have studied several organic acids, and have shown only a significant effect of propionic acid in reducing feed intake in broiler chicken by high level of organic acids (up to 3%). The improved BWG is probably due to the beneficial effect of organic acids on the gut flora. The organic acids may affect the integrity of the microbial cell membrane or cell macromolecules or interfere with the nutrient transport and energy metabolism causing the bactericidal effect (Ricke 2003) . On the other hand, the results of performance for two MET sources indicate no significant difference.
Conclusion
A beneficial effect of organic acid mixture on the intestinal morphology, microbial population and molecular aspects of chickens was observed. Moreover, Alimet in the form of organic acids may exert a trophic effect on the intestinal epithelium, but further investigation needs to be modulated for understanding details in molecular mechanism in this respect. The addition of 1% organic acids to diets altered both intestinal morphology and DNA content of the mucosa. Thus, these modifications in DNA and protein content of intestinal mucosa influence gut function, health and may change nutrient uptake.
